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The Examiner's assistance during the interview is gratefully 



acknowledged and reconsideration of jthe rejection is respectfully 

» • i 

i! ■ '} 

requested in lieu of filing a ibrief on appeal. 

Reconsideration is requested 1 based on the attached 



publication of Kabasawa et alii (1997:) 



Kabasawa reports that the 



Thus, the basis of the 



channel resistance of Y 0 . 9 Pro.iBa 2 Cu30^/YBa2Cu30 y materials increases 

!j : I j 

at thicknesses of 7.5 nm dr less 

i! ; 

rejection is on the assumption thajt the materials described by 

■ ! 1 •} 

Misewich (see Col. 6, line 47) would operate at the thickness 



disclosed by Chu. However,! this jis directly contrary to the 



results of Kabawasa {see the underlined text at page 2303) . 

' | j. 

Kabawasa state that the "sheet conductance of the channels with 

thickness less than 5 nm Was loWer than' 10~ 8 s/sq. at room 

: ■ 

I 

temperature and lower than th<* resolution limit of the measurement 
below the critical temperature of YBCO electrodes." Thus r one 
skilled in the art would not conibinfe the disclosure of Chu with 
that of Misewich to reject [the claims 1-7 and 16-21 under 35 



U.S.C. 103 (a) . 



KEIMGARTEN. 5CHURGXS. 
GAGMHBIS fc I.BBOVICI LitiP 
TEL. 16173 S42-2290 
VPiX. 1617) 451-G313 



Claims 8-15 and 22-26 have- bdjsn rejected under 35 U.S.C 



: 1 



103(a) as being unpatentable over We ^ in combination with Song and 
Ogura. 



j: 
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Again, Misewich is relied : upon for teaching a channel 



containing a metal, however,, the. 
insulating characteristics at the 
claims. 

The Examiner is encouraged 

attorney to discuss any matter tha 

j- 

the present application. 



materials of Misewich having 

]: 

ji thicknesses recited in the 

i 

j 

j,q telephone the undersigned 

I 

tjlj. would expedite allowance of 
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: If; 
! in 



DEAN Z. TSANG 
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Electric field effect on the 
Yo.9Pr 0 .iBa 2 Cu 3 O y channels in thej 
of superconductor-insulator transition 



U. Kabasawa B > H. Hasegawa* T. Fukazafa* Y. Tarulani. b > and K. TakagP 

CwmttRwwvh iMbtmtuuy. Hitarhi. fid,. t^to^-KnintodH*. KUubttnji T»kv«JSx y,„,„„ 



(Received (2 August 1 996; accepted for put 



liiiutinn 4 November 19%) 
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transport properties of ultrathin 
insulating phase 



Our electric field effect on Ilk: transport prohlrties or ulirathin Y 0 ,rY 0l rUi,C Ul O, channels was 
^mmed as a function of channel ihksfcijc&f and channel lenpih. Samples huviny :t pkniir 
YHa : Ci( ( O v uKnithin Y^ft^BajTu A- YBih&i.A ytmciUK with n gate electrode on backside 
or Lheir SrTiO, substrate weret.scd. The choUtl layer exhibited ^i.pemmduciinjs properties when 
us thickness was more than 9 am. wheieib iMindi. less Hum 7o nm duck were in the htxublinu 
pha^e ol the snpercomJucttir-inKulaUir transition. The modulation ratio of the conductance of the 
inKiilating <J>-ph;>se channels was a lew orders of mugrmwlc higher than the mndulaiion ratio of 
ihe earner density. The Held-cffcct mobility jni reused with increasing channel thickness when The 
Mm was in the insulating phase. The sheet com uelanee ol" channels shorter than 10 pin was hi^er 
than that of a lOO-pm-long channel of the s.We thickness- due to a size effect on ihe transport of 
the l-phasc Y a ,P» a ,Ba,Cu A. channel. I^e Mld-arTecl mohility was also enhanced bv the sixe 

CtfeCL I hes.f rvvully imnlu lUnt OCi ... ...j' _.. -«. »■ 



effect. These result* imply iihnt the perfon 
high-tcmperatilfe superconductors may be mjic 



length is short emm#h for the size efton to 
lSIX)2l-8979(y7)(KI9tM»3J 



nance of possible liolit-elfeel Iran scions with 
l impnwed by ultli^in^ an T-phase channel whose 
evident. O !<J97 Atmnant imtiwrr *if Phytfrx. 



I. INTRODUCTION 

Investigation of the ways in which the transport chuac 
terlslics of hiuh- temperature stipercomjueiors IHTSCs) un. 
:iffecTcd hy electric held has demonstrated tlie potential' i nil- 
ity of these maleriaJs as the channel layers of Jieldje.ffeet 
devkvs. ~! The current modulation by ihe electric licldjctVcct 
has been successfully demonstrated. However. Ihe cur em 
modulation ratio at low temperatures j has generally.' been 
much smaller than unity even when the thin tilin asedfis a 
gate insulator was madt> of a material with n high tfieUik- 
constant, such as SrTiO, or {BrfSrffiG,. This » prriH; My 
because the current modulation ratio is limited to the lejve of 
Ihe carrier density modulation ratio. .Since the carrier dfcriLy 
ill IJTSCs is more than three orders of rnaimimde higher ;ihart 
that in doped sem feemdue tors, the rarib of carrier density 
modulation due m the electric field effect is ineviiahfy niuch 
lower than unity, even when the llTSc: chunnel layer is otily 
a few unit cells thick. ' | ! ! 

It was recently shown thoi ultrathin Y l , tJ hv ) l ^a>([u ; o v 
(YujIVujBCO) Hints undergo a superwrnduaor-'insiinior 
(Si) transition when Ml in thickness is rcdueed .<nj|l{cic!hily- f> 
These films exhibited uwiiluring propertieN when thi n/imial 
sheet CiMiduclance of the Him was retluced let less \tt\tm\ 
quatKwn sheet eonduciance, 4e 2 //i. Furthennore, I he rj*U„ 
conductance modulation due to the electric Held cltccfNyas 
much larger for institaiing (D-phnw tilirathin YwPrJwQ 
hlms than for superconducting (S)-pha^e mms." Thislin Ji 
cates thai in the I phase there may be a novel eleclric He 



-Tru^ni Mkla-s,,: FJucronk: Device Mnmfwmln R,„,ip,nc« imtrli v 
mnp Dm«ML Hiuu:hi. Ltd.. 6 Kamh-StmigMdju ^W:. Hfry^r 
Tnfcyn J()l, Jnpiin. . ' I 1 

h Tn f * tM .iJdrw* Mvmct 4 R.-^rch Luhtvaiory. H ilyc hi. L .J.. ^..^ 
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effect mechanism enahliitu die et'Jieiem nunlulation of leans- 
port properties The transport pmpenies of I -phase li litis an* 
thought to he unite different from [Ikwu of the seniicondue- 
tors usimlly used for field-effect inmsistors iFliT.sl, and iys- 
tematic study Ls needed in order to clarify Nnh the hehavmr 
of enrrier trunsptirt in 1-phase films ajid the - ways in which 
this fransporr is alTceied by electric Cicld. 

l/i this article we report the IniiiKpurt properties of ullra- 
thin Y^gPi^jBCO channels in Ihe insulating phase n»d \Uv 
eleclric field effect an these properties for "varksus chaniwi 
thicknesses and channel lengths. The lempemture <lepen- 
dence of channel conductance, tlw current voltuee cbitrae- 
trrisiies of l-phase channels, and the condtfCtance ntotlula- 
tion caused hy the eleclric Held were sysiemmjcally 
examined. The lield-eflecl mohility in I -phase channels was 
also evalnuied to derermine ihe legibility of licJd-eflcci ete- 
vires with an 1 -plia.se channel. 

IL EXPERIMENT 

Wc fabricated samples htiving a planar YBhjCii.A uI * 
truthin ^...PrajBCCJ-YBCO strueture wiih a gjie elecirode 
on the backside of their SrTi(J 3 suhstruie. 'Hie structure itf 
the samples is shown iti cross seclhsn in the inset of Tic. 
2rAK A W-mii-tJiiek YBCO Utyer was lirsr ifepjvited vnz 
0.7-mm-ihick SrTiO,f |0fJ> substrate by pulsed laser deposi- 
tion In an oxygen atmosphere of 0,2 y\wr. The KrF escinwr 
laser with a wavel^ueth of 24B not was used, and suhMnirc 
temperature was kepi at 720 J C during me dep<isiiion. After 
the electrode put tern of this layer was formed by electron 
beam lithography uikI in beam etching usiny argon, a 
Y„«Pr U! B(;(> layer w;w deposited in (he area berween (he 
YHCO elecimdes. The suhstrnte temperature and oxygen 
piesxure for this deposition were the same us those for the 
YBCO depfwitjon- Tile power density of the laser pulse was 

e 1997 Amorfcan Institute ot Physics 
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Rfi. |. Temperature dependence of shcci cnnducumces for ultroUnn 
Vtvfro |BCO channel* of various Ujitk*esj;c5. Channel Jencih urni width 
vere HW ROO jxm. 



2.3 J/cnr. The deposition rate was 0.03 nm/sbot, and the 
channel thickness was controlled by Ihe total repetition num- 
ber of ihe loser pulse shots whiih were irradiated on (he 
oxide target at 1 Hz, Finely, the Au gate electrode was de- 
posited on ihe buck of ihe substrate. 

The temperature dependence of the conductance be- 
tween the YBCO electrodes was measured from 10 K to the 
iupercondiicung critical temperature of Ihe YBCO elec- 
trodes. The currem-voltaiie characteristics between the elec- 
trodes were measured ui gate voltages below 100 V. 

IIL RESULTS AND DISCUSSIONS 
A. Thickness dependence 

We measured the transport properties of uhrulhiD 
Y u gPfitiBCO films and evaJuated the electric field effect as a 
function of thickness by using samples having channels with 
a length f L ) of 100 /zm and a width < W) of 800 pm. The 
temperature (7") dependence of me sheet conductance (Gj 
of the channels is Known on a log G 4 - |/r 12 scale in Fig. I. 
The wirxMconduaing critical temperature of YBCO elec- 
trodes in these samples was ahmif 80 K (-0.1 1 K"" 3 ). The 
G, value is defined as G X (UW) t where G is the channel 
conduciancc. Superconducting properties were observed for 
Ihe channels with a (i I m thickness ubove 9 nm. At thick- 
n csses of 7.5 nm or less, insulating properties were observed. 

than 5 nm was lowerjhan I tT^Htfsq^^ 
anj lower* than ihe resolution TTmfrTof OrT measurement be- 
low the [niDetf'brrjTOUiiS ITYFTCO elee wnflcT ' Hie sheet 
conductances ofthe insurfliTng^lms ' Werc"lower than the 
quantum sheel conductance, 4i- 2 /A. If we assume that the 
critical sheet conductance for the S-l transition is exactly 
4eV/f (0.155 mS). we can estimate the criucal thickness to 
be -8.5 nnv The temperature dependence of the conduc- 
tance for l-phase films can be expressed approximately as 
G A = G„, cxrH - (7|,/7V r , w « r h exponent a below 0.5 at tow 

J. Appl. Phys., Vol 81. No. 6, 1 March 1907 
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oncm-voliap! curves wiili and vwthoui charge modulation (A) 
cnodulalkm ruiio as a function of the charge rmxkfcnjon 
irumhiiiog phase Y w Pr a ,BCO channel n 10 K. Channel lraiph, 
ihk-kncn men? 100 /im, 800 fin\, md 7 nm. 



This temperaiure dependence is more like that 
We-range-hooping (VRH) transport in a localized 
ifjyxtem than it is like thai of the transport in ordinary 
with a finite energy gap for the mobile-carrier ex- 



example of the current-voltage U-V) churacteris- 
I-phaxe Y a 9r\fc}BCO channel and the effect of 
n caused by the electric field are shown in Fig- 
thickness of this channel was 7 nm. The solid line 
te /- V curve obtained when no gate voltage was 
Nonlinearity in the /-V curve is characteristic of 
carrier ^sterns. 7 '* The current clearly changed with 



density modulation. The amount of charge density 
(AC?,) in the Y a9 Pro. T BCO channel was calcu- 
m Ihe applied gate voltage and the dielectric con* 
SrTiO x subsrrate, which depended on the applied 
field. 9 The charge density was modulated by -1 
/xC/cr)lf> Bt a gate voltage of + 100 V. Although this amount 
of c^orp \ modulation was more than one order of magnitude 
smajlerjl than rhar • obtained when using a thin-firm gale 
insujlauii, 2 the modulation ratio of die current was as high as 
22%. Tlje sheet carrier deosiiy (AT,) of a 7-nm-thick channel 
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was estimated to be 3.5 x m»> em ^ and ihe currier den'siiy 
modulation ratio A.Y. / { \ r j n „ lc channel under (he charge 
modulation of I /zC/cnr wns estimated to be 0.18%. the 
current tt»r conductance) modulation ratio far the 7-nm-thick 
channel was duis about 120 times higher than die carrier 
modulation ratio. In conventional Held-elTevt devices, the 
modulation mlio of the ch^mcl conductance is about ihe ! 
same a* the modulation ratio of the carrier density because 
conductivity is proportional to currier deasity in itinerant- 1 
currier system*. For l-phasc Y„ g Pr l(l HCO. the results of the 1 
electric field effect are obviously different for those for |ani 
itinerant -carrier system. • 
1Tlc conduLiancc modulation ratio tAG/f7) is .shown as: 
a function ol the charge modulation in Fig. 2(B). Channel' 
conductance G is defined as UV. ™,d AC is the deviation .of" 
G caused by charge modulation. The AG/G value was aV 
most invariable lor bias voltage. The rclntjnii of aC/G to 
A0, ha.? nonlinear asymmetrical properties. This means bSe : 
ratio .if conductance modulation in carrier densitv modula-! 
|»tm. <AG/G)/(A/V t /,V t ). U not constant. It bcccmw-miich ' 
larger when A A/ v tukgs □ larger absolute value in Ihe negative ! 
direclton. 

The carrier transport in I- phase films is estimated to be ' 
similar to that in Rfros-SliWovskii-iype VRH svsrem ,U ' M : 
LncBHsnion length £ ;dccuy length of localized wave runc- 
uon) is the parameter determining the transport properties | 
Conductance G is written us , 



to* 



io- 7 

I 

10" 



I iu" 



/ 



T*)(>K 



. /// 

taOal /Oj: iota ..' / / / 

/ / / / / 

//r / / 

/ ■ / l» ' 

/ * / / / 



to* 10" Iff 7 



A nCl \ Sheet C-Onduciancc :m*luiatkjn \G 4 (uinlcr -i uCW charv-e 
r , modulo*.,. ; a* u nmttlon .rf cmducunw C, . Solid Kiwi m 

1 , « C , t r« 3nf Cundw,IU,0: modiitaU.ii. num. T^e ritM-tand uta Wa]fi J 
&. irw HeM-effcci mobility ilrducd w .iGVAtf, . 



G = C„ csp{ -(Cy/e^T) 1 *). (j, 

where Is the carrier charge und e is the dielectric constant 
f £ + A£ U .substituted f. v £ in fiq. (I), G becomes a non- 
linear function of A£ t with .stronger dependency for negative 
At than for positive Af. In an experiment on the diicknes^ 
dependent SI transition^ 1 the effective disorder level for the 
carrier system in the film was a*mmcd to be increased by 
reducing the thickness, Similarly, carrierilensity modulation 
may also change the effective distmlerlevel. Since thu car!-' 
tiers in Y ag Pr ft ,BCO have positive charge, the positive- 
(negative) charge modulation is assumed to change the locaP 
izabon length by a positive (negative) value, ihrough ehangL 
mg the relative disorder level for the carrier system. The? 
wlid line in Fig. 2<BJ is an example of U*c AO/Cf - d0 r 
curve calculated using Eq. (1) under the ai *umption that 
.J s SITI1 P , > prorxirriorvil to &Q S (or Nonlinearity 
similar lo truit for the observed conductance miniulation 'is' 
well expressed under this simple assumption. Though dd^ 
tailed studies on the relation between A A', and arc' 
needed lo clarify the quantitative aspects of ibis nonlineaiji 
modulation property, it seems valid to assume that the con^' 
ducunee modulation is principally caused by modulation o6 
the localization parameter. ; 1 

We next compare conductance modulation between 
channels with dittcrent thickne«e*. The relation between 
sheet conductance G, and conductance modulation |AC : j 
under a charge modulation AO, "f - 1 mCW ut 10 K li!' 
shown ic i Fig 3 The channel thicknesses J ranged fnwn 6L 
nm (for G,= itr* S ) to 7 J am (for <7 T = l()~ 6 g). AlUiougfif 
|AO,l was not strictly constant when the bhts voliage'l 
changed because of ih e nonlinearity in the /-V characieris-.j 

2304 j. Appi. Phya.. Vol. 8t. Mo. 5. 1 fytarch 1997 : i 



3 tics, the dependency was weak for the measured bias voltage, 
£ which was typieally below I V (or (he b5as field being below 
•:j 100 V/cm). The AG A increased with increasing , or in- 
>j. creasing channel thickness <l. For irinemm-carricr systeras. 
gL such ns those in conventionaJ metals or well-erystullinc 
3 semiconductors. AC, f\Q x equals drift mobility /t. which h 
jj-cssennally constant for the same material. The observed 
j AC t , however, varied by orders of magnitude under a con- 

siant AQ, when the Ihickness was changed. 
::. The solid lines in Fig. 3 arc the contours for conductance 
vg modulation ratio |AGJ/C, ( and the data points measured 
Jrfor four samples are all above the 10** line. Under a charge 
^mtxlulatkin of I /xC/em 2 . the ratio of the carrier density 
^modulation |ArV,|/tf, for these samples was 0.15%~O.2«fc. 
^ The vidues of |AG,|/G\ for these samples wen: thus more 
-|than two orders of magniiude larger than \*N % \fN t . Ex- 
trapolating these points to the critical sheet conductance 
Rvalue of 4pVA, we estimate the conductance modulation ra- 
XiQ to be about 6% at the S-! transition point. This is still 
anmrc than an tWder of magnitude larger lhan the carrier den- 
|sity modulation ratio. In conirasu the conductance modula- 
tion ratio was; far less than 0.1% ftw the channels on the 
jsuperconducting side of the S-I transition: the value of 
fAQJ/Gj wasjless than that of lAJVj/rV, . a field effect with 
f ratio (AG,/G'J/(AfY r /A/,> being much larger than unity 
jWax found lo bp characteristic only for the insuUiung side nf 
the S-l transition, 

J Though the drift mobility cannot be simply delined for 
jl-phase Yo^ojiBCO, evaluation of the apparent field -effect 
mobility, defined as fi' m = AG 4 /A0, . is still important he- 
tuuse this mobilicy is proporttonnl to the wansconductance of 
FETS, which is related to possible device-performance pa- 
rameters such as voltage gain and cutoff frequency. If the 
|elinttion of i i« formally applied to Nphase 

|a«Pr 0 iBCO^}-' 6 is u function of chxnnel rhickness d % 
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FIG. 4. Temperature dcpcidence orchumd sheet comtuctanua for 7.2-nra- 
ihtak dunnels of %urkiu* length /.. Channel widihs were KIX» /mn for L= 100 



charge density modulation AG,, and in-plane elecuic field 
E. The dependency on £ is weak within the measured 
bias mnge, 90 it is neglected here- The /ip^ at Ag,=-J 
/iC/em 2 was directly evaluated Tram the AG, data in Fig. 3, 
as shown on the right-hand &xi&- The fleld-e ffeq mobility of 
fcphasc i filni&.incrwscd from 3 x Wr^jo 0.13 cn?/V s with 
i ncreasing tnjfluitCTs' from" fito nm^ 'Thc" /ipe at the S-I 
[ran sit ion point — the maximum possible for I -phase 
Yo.<*Pr ai BCO— was estimated by extrapolation to be about 9 
cm 2 /V s. This is much higher than die field-effect mobility 
observed on nonsuperconducting YBCO and l^CuO* at low 
temperatures 1314 and is comparable to the field-effect mobil- 
ity of superconducting YBCO immediately above the critical 
temperature. 15 s' 

Although a high conductance modulation ratio AG/G 
was obtained for 1-phase channels, the fleld^eflfect mobility 
was still smaller than the mobility m semiconductors 
( 10*- JO* cmVv s) (as far as channels with a length scale of 
100 fim were used. The fleld-efTect mobility is proportional 
to the deviation of sheet conductance, AC,, which is inher- 
itcirtry small for 1-phase film because the sheet conductance 
G, is less than 4r 2 /h- For I-phase film to be made practical 
for use in FETs. a way lo obtain higher conductance must be 
developed. 

B. Channel-length dependence 

To evaluate the sheet conductance of the channels as a 
function of channel length, we simultaneously formed a set 
of channels with the same thickness on a single substrate. 
The temperature dependence of the conductance of these 
channels is shown in Fig. 4. The channels were 7.2 nm thick, 
their lengths ranged from 2 to 100 /*m, and the channels 
were wider than they were long. The ordinate axis shows the 
xheet conductance of the channel layer. The sheet conduc- 
tances became higher for sooner channels when the channel 
length was less than 1 0 /im. This is a size effect that changes 
the In-plane transport properties of the I-phase YovPr^BCO 

J- Appl. Phya., Vol 81. No. 5, 1 March 1997 
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y G, 5. Modulation of sheet camJuttimce \G x (UW) u» o function of 
cl argc nwduUrtkxi for channel* with length* of 2- 100 (A). Ficld-ofToci 
mobilin/ as n fund I on of charge OensMy mcduliuton for 2- end lOO-^m-kwg 
«1 winfcls (B). Channel \hlcknej* wns 12. run. 



frri. jThe sheet conductance of a channel is increased by the 

size effect when the channel length is of the order of ml- 

• lli : . 
crprnctere. 

J |j I The enhancement of conductance by the size effect has 
bfeenjobserved for the VRH transport of disordered systems, 
ievh las amorphous semiconductors, when the electrode dis- 
ajicc: is small enough to be comparable to the bopping dis- 
tapce[of carriers.'* However, the typical length scale of the 
siib Effect in such systems is only of live order of 10 nm. The 
^igth sculc of the observed size effect is extremely long. 

irilying that the localization of carriers is much weaker fur 
hfeje systems than it Is for convention ul VRH systems, 
"i i The sheet conductance of these channels was measured 
atjlOjK wilh and wilhoul an applied electric field. The rela- 
tion [between sheet conductance modulation and charge 
mbdularions is shown in Fig. 5(a). Nonlinear behavior of 
conductance modulation similar to I he modulation shown In 
Fjfc 2(B) was observed for all channels. This indicates that 
uie; electric field-effect mechanism, which causes conduc- 
tance; modulation in long channels, stin plays a role even 
wherfthe channel conductance is enhanced by the size effect. 
Mpdul alien of the localization parameter may also cause 
' ictance modulation in shon channels. Tlte amount of 
conductance deviation AG X (17 IV) was higher for 
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FIO. 6. Steel conductance C x {LfW) ami its muhilniinii x lii/wij 
due u» a Lh^n^j muthJiition of -\ fiCJcnr l tuiKiion i»f channel le^lh'i 
Channel ihu'kties* was 7.2 nnt. > | • ' j 



shorter junctions. The nonlincarity of sheet eonducltfricu! 
modulation means [hat field-effect mobility jiw* for rirpij 



sized channels depends- on -charge density inodu 
A(>< , if nominal field-effect mobility in linitersized chiinnils 
is defined as =A/i * (UW)fbQ, . The field-effect iank^ 
bility of 2* and lOO-prn-long channels is shown as n fumAltiri 
of charge <lenslty modulation; in Hg. 5(B). It wus mueti 
higher for a negative &Q X with a larger absolute value. J ij !: 
Sheet conduciance GX{()/W) and its modulation^ 
X(L/V/) under a charge modulation of - I /xtVcm 2 nre pjcjtj 
led as a function uf channel length in pig. 6. The oimiuiUJbr 
the conductance modulation also increased with decnoa|ahg 
channel length, with the sizc-elTeet-induped enhance jnenjjpjf 
sheet conductance. Although tie increase in the module twi, 
&GX(Lf\V) is not the same aj that in GX(Um, the laVgj: 
Limuinit of modulation for shorter channels indicates thii 
nominal field-effect mobility ip enhanced by the size cf fc^t 
The h'eld-effeci mobility for these finite-sized channels whj. 
increased from 0.014 to 0.1 errr/V s by shortening the chau 
nel length fn>m IOO to 2 /im. j 

To summarize the iniluenue of the Held effect on finite, 
sized I-phase channels, the nominal fc Id-effect mobiluy^tinn 
be represented hy function fL^(L. </.A(),, E), whc elji 
and <i are channel length and fiiickness, is charge iprj • 
sity modulation, and £ is the in-plane electric field. Wi 
coinplexily of this function arises from die f«c| that enrjper 
localization in l-phase Y^PfyBCO makes the field-efftjij L 
mechanism quite different fiurh that in semiconductors, 
moduiation of the localbatiori parameter caused by carijie - 
density modulation, rather thain the carrier density moJilJ 
lion itself, is supposed to play jan essential role on the mj&lti - 
lation of the transport properties. The field-effect mobili^jj? 
remarkably increased by decreasing lencdi L. by increasjng 
thiekness d within I-phase sidu or by Increasing charge Wrij- 
suy modulation \&Q t \ in the negative direction. Alth^tlgp 
the maximum rteld-eiTcci mobility actually observed injijap 
study was as low as ~Q.| cor/Vs, the Held-erTect nwM||^ 

2306 J. Appl. Phys.. Vof. SI, No. S. 1 March 1997 j ll 
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can be increased by several nrdcrs of magnitude by selecting 
appropriate values for purumuterx L and </ simultaneously; 
selling L bolow a micrometer and J as close as possible to 
the critical Ihickness or die S-I within the 1 -phase side, in- 
creasing the charge density |A(?J by usina a thin-film «»;irt: 
insulator will also enhance the fietd-erfcci mobility exponen- 
tially. 

Furthermore, the Tact trad hoth the sheeT C4)nductunce 
and the liLld-effeei mobility con be enhanced hy decreasing 
the chunnel lengdi indicates the possibility of a new principle 
for siiperconUoctins held-effect devices. Tlie supereurrem. is 
iinaily observed thrt>ugh a localized carrier system l # « VRH 
system such as u-S\) when the- d Is Lance between ihe super- 
conducing elect nnJcs is xufHcicnily decreased. 1 7JM Hiecently. 
the u-aaspon properties of alU»xide KiipenconducHng junu- 
lions with a .semi-insulaiing barrier, such as HrHa^Co^O, . 
have also been discussed in relation to die size effect on 
VRH systems. 10 Note only quasi particles, but also supercon- 
ducting earners may he transported via Incuti/cd states. 20 
The size effeci on ihe transport in I-phase Y av Pr u ,BCO in- 
dicates the possibility that the I-phasc channels also exhibit 
.superconducting properties when the distance between su- 
perconducting electrodes is small enough. 

The localization parameter in the VRH system htis usu- 

I ally been regarded as a fixed parameter for the material, so 
junctions with a burriur material containing a localised car- 
rier *ysicm have been investignied as mere two-terminal el- 
ements. The I-phase Y^Pr^BCO may be the lirsl system in 
which both the size effect and live considerably Inrgc cleeuie 
lie Id direct on transport propenies have been observed, indi- 
cting that the localization parameters can be controlled by 
applying electric held. The superconducting current density 
is expected to be exponentially dependent on the loeolizaiinn 
parameter when the superconducting carriers are lmnsrHincd 
via the localized carrier system. 30 The supercurrem muy Uius 
be sensitively cnnin>lled by the electrie lield through the 
mixlulatitm of the locali/udon parameter, by using lite 
I-phase channel sls a coupling byer of the supercond^cling 
planar junction. This must resuh in remarkable improvement 
in the nominal field-effect mohiliiy Tor die channel because a 
much larger amount of conductance modulation is expected 
when the supea-urrent (or infiniieiy large conductance) can 
be controlled. Quantitative relaLion<i such as the carrier con- 
centration dependence- of the localization parameter and rhe 
dependence of possible superconducting current on tbe local- 
ization parameter, however, are not yet clearly understood. 
Learning more about these relations will provide a beltef 
perspective on possible superconductutg held cITcli devices 
utilizing (-phase channels. 

IV. SUMMARY 

The iraosport piijperties of ultrathin Y^Pru, | BCO chan- 
nels, und the electric lit;ld effect on these properties were 
systematically examined in order to evaluate the ways in 
which they are influenced by channel thickness and channel 
tenjjth, Samples having a plamir YBCO uUratNn 
YooHro tBCO-YBCO structure with a gate electrode on the 
backside of thuir SrTiOj ( 1CK>) subslmie were used. Channel 
layers with Oiickness less than 15 urn were in the insuring 
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pliii.sC of li)c S-l transition, while sdperconduciing properties 
were observed at thicknesses greater than 9 run. In the 
[-phase, tile modulation ratio of the 'channel conductance wax 
u tew orders of magnitude higher than the earner density 
modulation. Below the critical thickness of the S i transition 
the field-effect mobility increased with increasing layer j 
thickness. The sheet conductances of channels shorter man 
ID fxm were higher ihwi llmse of long channels due :o the 
size effect. ITie field-effeci mobility was also enhanced hy 
ihr size effect. 
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